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Abstract 
Oleuropein content in olive leaves dried at ambient temperature, and at elevated temperature (50˚C) 
from Palestinian olive trees collected from West Bank in the middle of November was determined 
by HPLC and compared to naturally dry olive leaves (collected dry from the tree). Results showed 
that higher concentration was obtained from olive leaves dried at room temperature (10.0 mg per 
gram of dry olive leaves), compared to those dried at 50˚C (1.7 mg/g), and those that collected dry 
from the tree (2.5 mg/g). Oleuropein content of dried olive leaves was compared with leaves 
that chopped and extracted fresh, and results show that fresh leaves showed the lowest oleu-
ropein content (<0.1 mg/g) denoting that drying of leaves is required for high oleuropein re-
covery. 
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1. Introduction 
The olive tree, botanically-classified as Oleaeuropaea L., is one of the most important fruit trees in Mediterra-
nean countries. Both the oil and the dried green-grayish colored leaves are used medicinally [1]. Oleuropein is 
the major phenolic compound of olive leaves and varies from 17% to 23% depending upon the harvesting time 
of the leaves [1]. The structure of oleuropein is shown in Figure 1. Hydrolysis of oleuropein yields elenolic acid  
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Figure 1. Structure of oleuropein.             
 
glucoside and hydroxytyrosol. Many compounds isolated from Oleaeuropea fruits or leaves are thought to have 
been originated from Oleuropein via aglycon, by opening of olenolic acid ring with a final rearrangement into 
the secoiridoid compound such as hydroxytyrosol [2]. 
Various processing and extraction methods were investigated to evaluate stability and recovery of oleuropein 
from olive leaves [3]. Drying of olive leaves plays a significant role in the amount of oleuropein recovered from 
the leaves. Drying conditions include temperature, time, and method of drying (air-drying, microwave, freeze- 
drying, etc). It is reported that increased levels of oleuropein were found in dried leaves than in fresh leaves 
probably due to the conversion of oleuropein glucoside into oleuropein by β-glucosidase present in fresh leaves 
[4]. 
Fresh olive leaf generally needs drying and milling before extraction. As a preservation method, drying is car-
ried out to remove the water from the leaves to protect the leaves against spoilage and degradation of oleuropein 
by enzyme action. It also improves extraction efficiency or extractability. Air drying can be carried out at room 
temperature or elevated temperatures for different time periods [5]. Generally longer times are required for lower 
temperatures to achieve the same extent of dryness of leaves. Careful temperature control is needed during the 
drying since it may cause degradation of oleuropein. Malek & Bradford [6] reported that air drying at an ele-
vated temperature (40˚C) resulted in substantial losses of polyphenols possibly due to degradation of oleuropein 
and other polyphenols. Tayoub et al. [5] dried the fresh leaves in a ventilated oven for 72 hours at 40˚C while 
Ansari et al. [7] dried the fresh olive leaves under ambient temperature. 
Freeze drying is an alternative way to effectively avoid thermal degradation while removing the water from 
leaves. The leaves are immediately frozen in liquid nitrogen, and lyophilized before extraction [8]. The elimina-
tion of water through lyophilization generally does not affect the phenolic compounds excessively, and allows 
samples to be kept for longer periods [5]. However, it is not recommended as a sample drying method for olive 
leaves extraction as thawing of frozen olive leaf samples causes a sharp reduction in oleuropein levels due to 
breakage of cell membrane during thawing and consequently the release of active oleuropein-degrading enzymes 
[6]. Microwave drying is used for drying of olive leaves and results in higher concentrations of oleuropein [9]. 
Infrared drying was recently suggested as a good method for preserving olive leaves because it allows the reten-
tion of the green colour of fresh leaves. Infrared drying resulted in considerable moisture removal from the fresh 
leaves (more than 85% by weight) during a short drying period (varying from about 162 min at 42˚C to 5 min at 
70˚C). The total phenolic content of infrared dried olive leaves was greater compared to fresh ones [10]. 
In this respect, drying of olive leaves plays important role in oleuropein recovery from olive leaves. The aim 
of this work is therefore to study the effect of drying on the amount of oleuropein extracted from Palestinian 
olive leaves, by studying the effect temperature of drying (25˚C and 50˚C), and comparing dried olive leaves 
with fresh olive leaves in terms of their oleuropein content. 
2. Materials and Methods 
2.1. Sample Collection 
Olive leaf samples were obtained from trees localized in the sunshine area of grassland in Beit Sahour/West 
Bank/Palestine. The collection was directly from the trees in the middle of November 2012. In addition to those 
samples which were collected fresh (green) from the trees, other samples of olive leaves were obtained from a 
branch of a tree that is dry (brown olive leaves), i.e. this sample is obtained dry from the tree (naturally dried). 
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2.2. Sample Drying 
Fresh green leaves were dried using two procedures. In the first procedure, a portion of the fresh leaves were 
dried in ventilated oven at 50˚C, while in the second method, another portion of fresh leaves were dried at am-
bient temperature. The dried samples were then ground to obtain powder which was stored at room temperature 
in the dark until extraction. In the same way, dry (brown) olive leaves which are already dry were grinded to 
obtain powder, and were stored at room temperature in the dark until extraction. Green fresh olive leaves were 
chopped to obtain small pieces and stored at temperature between 2˚C - 8˚C until extraction. 
2.3. Chemicals 
Oleuropein (40%) which used as a standard was obtained from Chengdu Biopurity Phytochemicals Ltd. China. 
Chromatographic grade-double distilled water, HPLC grade acetonitrile (Merck), analytical grade acetic acid, 
ethanol, and ethyl acetate were obtained from Sigma-Aldrich company. 
2.4. Soxhlet Extraction of Olive Leaves Samples 
15 grams of olive leaves sample were placed in a Soxhlet thimble in a Soxhlet apparatus and extracted with 300 
ml of solvent mixture for 4 hours at 60˚C. The solvent mixtures used for the extraction are: 80% ethanol/20% 
water, 20% acetoniltrile/80% water, and ethyl acetate (100%). Then, the extracts were cooled to room tempera-
ture, and filtered through a Whatman No. 1 filter (Whatman, UK) to separate coarse particles from the solution. 
The filtered extracts were then evaporated in rotary evaporator at room temperature under vacuum for 2 hours. 
The concentrated extracts were stored in a refrigerator at 2˚C to 8˚C until analyzed for oleuropein content by 
HPLC. 
2.5. Preparation of the Mobile Phase and Standard Solutions 
The mobile phase was prepared by mixing 200 ml of acetonitrile with 800 ml of water for HPLC, and adding 1 
ml of acetic acid. 
Stock standard solution of oleuropein with a concentration of 1000 ppm was prepared by dissolving 100 mg 
of oleuropein in 100 mL of acetonitrile. Six solutions of oleuropein with concentrations: 3, 5, 100, 300, 500, and 
800 ppm were prepared from the stock standard solution by dilution using acetonitrile as diluent. These solu-
tions were used for linearity and range study of the method. For recovery of oleuropein, three solutions of oleu-
ropein spiked in blank (distilled water) at three concentrations (5.0, 100.0%, and 1000.0 ppm) were prepared. 
These solutions used for recovery study were also used for precision study. 
To determine LOD and LOQ of oleuropein using this method, solutions with low concentrations which is ex-
pected to produce a response of 3 - 20 times baseline noise were prepared. LOD is selected as the concentration 
of oleuropein that gives a S/N ratio of 3 - 10, while LOQ is selected as the concentration that gives a S/N ratio of 
10 - 20. 
2.6. Determination of Oleuropein in Olive Leaf Extracts by HPLC 
HPLC system (Merck Hitachi Lachrome Elite HPLC System, Japan) with an L-2130 pump, an L-2200 auto 
sampler, L-2300 column oven, and L-2490 UV detector was employed. The Ezochrom Elite software was em-
ployed.  
For determination of oleuropein from olive leaf extracts, reversed phase HPLC method was used with silca- 
based C18 bonded phase column (C18, 250 mm × 4.6 mm ID, 5 µm) with mobile phase consisting of a mixture of 
water and acetonitrile (80/20 volume ratio) containing 1% acetic acid at a flow rate of 1.0 mL/min. UV detector 
at 240 nm was used for oleuropein determination. The injection volume used is 20.0 µl for both standard and 
sample solutions. Identification of oleuropein in olive leaves extracts was based on retention times in compari-
son with standard of oleuropein. The quantitation was carried out using external standard method. The concen-
tration of oleuropein in the extracts was calculated using peak area and the calibration curves obtained from 
oleuropein standard solution. The amount of oleuropein was expressed as milligram per gram of olive leaf pow- 
der. Figure 2 shows chromatograms for oleuropein standard, sample of olive leaves, and a negative control of 
oleuropein. 
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Figure 2. Chromatograms of oleuropein analyzed. (a) Standard of oleuropein; 
(b) Sample of olive leaves; (c) A negative control. Note: The other peaks which 
appears in the chromatogram of sample are for other compounds present in 
the olive leave.                                                    
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2.7. Statistical Analysis 
Three samples of olive leaves extract of each treatment were independently analyzed in each sampling, and all 
of the determinations were carried out in triplicate. The results are expressed as means ± standard deviations. All 
statistical analyses were carried out using SAS (SAS Institute Inc., Cary, USA, Release 8.02, 2001). Compari-
sons of means with respect to the influence of solvent type and drying condition were carried out using the Gen-
eral Linear Model (GLM procedure), treating main factors (type of solvent, drying condition) separately using 
one-way analysis of variance (ANOVA). The Bonferroni procedure was employed with multiple t-tests in order 
to maintain an experiment-wise of 5%. 
3. Results & Discussions 
3.1. Extraction of Oleuropein 
Olive leaves samples were extracted with different solvents (ethyl acetate, 80% ethanol/20% water, and 20% 
acetonitrile/80% water) using soxhlet extraction. As it is shown in Table 1 the amount of oleuropein extracted 
using 20% acetonitrile/80% water is 19.0 mg per gram of olive leaves, which is significantly larger than the 
amount of oleuropein in olive leaves extracted with 80% ethanol/20% water (15.6 mg per gram). Using ethyl 
acetate, very low amount of oleuropein was extracted (0.19 mg/g) which is only 1% of that oleuropein in olive 
leaves extracted with 20% acetonitrile/80% water. Statistically, there is a significant difference in the amounts of 
oleuropein extracted with the three solvents which is indicated by small letters (a, b, c) in Table 1. This can be 
attributed to the polarity of the solvent used to extract oleuropein; large amounts of oleuropein are extracted us- 
ing polar solvents such as 80% ethanol/20% water or 20% acetonutrile/80% water, compared to low polar sol- 
vents such as ethyl acetate. This is expected as oleuropein has polar hydroxyl groups and so need polar solvent 
for extraction. 
3.2. Method Validation 
This method is validated according to the requirements for new methods, which include linearity and range, ac-
curacy, precision, selectivity, limit of detection (LOD), and limit of quntitation (LOQ). The current method de-
monstrates good linearity over the range of 3 - 1000 ppm of oleuropein with r2 greater than 0.999. The recovery 
of oleuropein in olive leaves ranges from 97.7% to 101.1%. The method is selective where oleuropein is good 
separated from other components with good resolution. The method is also precise where the RSD of the peak 
areas of replicate injections of oleuropein standard solution is less than 1%. Low LOD and LOQ of oleuropein (3 
and 5 ppm respectively) using this method enable the detection and quantitation of oleuropein at low concentration. 
3.3. Effect of Drying Temperature on Oleuropein Content 
Drying of olive leaves is essential to prevent microbial fermentation and subsequent degradation of phytochemi- 
cals and metabolites [4]. To study the effect of drying on the oleuropein content of olive leaves, fresh green 
leaves were dried at ambient temperature (25˚C), and elevated temperature (50˚C), and then milled to powder by 
an electrical mill and kept at ambient temperature in a dark place till analysis. Protection from direct sunlight is 
essential to minimize chemical reactions induced by ultraviolet rays. Olive leaves powder were extracted with a 
solvent mixture in the ratio of 1:20 (powder/solvent). For the chopped fresh olive leaves, first water content was 
determined by drying the sample at 40˚C until constant weight is obtained. Then, 24 grams of chopped fresh 
leaves was used for extraction (which is equivalent to 15 gram of dry powder). Acetonitrile/water (80:20) was 
used as a solvent mixture for soxhlet extraction of all samples as it gave the highest oleuropein amount. 
Results showed that the highest amount of oleuropein is obtained from olive leaves dried at ambient tempera-
ture (10.0 mg oleuropein per gram of dried leaf powder), see Table 2. Simple drying of fresh leaves at ambient  
 
Table 1. Oleuropein content in olive leaves extracted by using soxhlet with different solvent mixtures.                   
Solvent Mixtures Oleuropein Content (mg/g) 
Ethyl acetate 0.19 ± 0.01 c 
80% ethanol/20% water 15.6 ± 0.16 b 
20% acetonitrile/80% water 19.0 ± 0.21 a 
Different small letters indicate significant differences within the column (extraction solvent). 
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Table 2. Amounts of oleuropein found in olive leaves dried at ambient temperature and at 50˚C, and for natural dried olive 
leaves, and fresh olive leaves.                                                                              
Drying Conditions Oleuropein Content (mg/g) 
Ambient temperature (25˚C) 10.0 ± 0.26 a 
50˚C 1.7 ± 0.13 c 
Natural (brown) dried olive leaves 2.5 ± 0.21 b 
Fresh green olive leaves 0.0 d 
Different small letters indicate significant differences within the column (drying conditions). 
 
temperature protected oleuropein while drying at elevated temperature results in rapid degradation of oleuropein 
(1.7 mg/g, which is only 17% of oleuropein recovered from olive leaves dried at 25˚C). Oleuropein content in 
natural dried olive leaves (dried naturally by the sun and air) was 2.5 mg/g which is lower than olive leaves 
dried at ambient temperature but higher than those dried at 50˚C. Browning of leaves occurs when oleuropein is 
oxidized to highly reactive quinines which then polymerized (browning is an interactions between diphenol 
oxidase activity and oleuropein content). Oleuropein content of fresh green olive leaves was very low (lower 
than 0.1 mg/g), because the surface area was too low to facilitate the penetration of solvents into cells, so that 
oleuropein stayed protected in leaves cell. Scientific literature does not contain any reports that deal with green 
olive leaves and its content ofoleuropein. These results showed that drying of olive leaves at ambient tempera- 
ture is the best method for high oleuropein recovery, which is in accordance of the results of Nasir et al., 2008. 
4. Conclusion 
Drying of olive leaves before extraction is required for high oleuropein content, as it prevents microbial fermen-
tation and subsequent degradation. Drying of fresh olive leaves at ambient temperature is the best method be-
cause it preserves oleuropein from degradation compared to drying at elevated temperatures. Green olive leaves 
dried at ambient temperature gave higher amounts of oleuropein compared to olive leaves which are obtained 
dry from the tree. It is not recommended to extract oleuropein from fresh olive leaves as it gives low oleuropein 
content. 
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